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I. INTRODUCTION 
Gelatin is a denatured form of collagen. One of 
the characteristic features common to both is the presence 
of the amino acid, hydroxylysine (2,6-diamino-5-hydroxy-n-
caproic acid). Hydroxylysine can be oxidized by sodium 
periodate with the consequent production of formaldehyde. 
A gelatin solution prepared from bone is almost 
pure protein and the peptide-bound hydroxylysine is the 
main source of formaldehyde produced during reaction with 
periodate. This type of oxidation may be used, therefore, 
as a measure of the availability for reaction of the 
hydroxylysine side-chain. The information obtained from 
such studies might be useful in predicting the reactivity 
of gelatin hydroxylysine with other reagents and in infer-
ring structural differences between gelatin and collagen. 
Also, a knowledge of the reactive groups of collagen might 
help us to understand the role of the latter in osteogenesis. 
Other investigators have implied that hydroxylysine may be 
important in this function. 
The purpose of this investigation was to study the 
reaction of gelatin with periodate at various levels of pH. 
- 1 -
The formaldehyde produced in this reaction was determined 
colorimetrically. The results led us to conclude that 
formaldehyde production, under our conditions, is some-
what variable; and during short reactions, two hours or 
less, is not a true measure of the hydroxylysine content 
of gelatin. 
2 
We attempted to elucidate the nature of the re-
action of periodate with gelatin by studying reaction rates. 
Current studies of gelatin using nitrous acid and collagen-
ase show promise of clarifying the results obtained during 
periodate oxidations. 
II. HISTORICAL 
A. Hydroxylysine 
There are several reviews in the literature which 
cover the chemistry and historical development of hydroxy-
lysine most comprehensively (71, 72, 23). Two of these 
(71, 72) are by Van Slyke who, in 1921 with the collabora-
tion of Hiller, reported the presence of this new basic 
amino acid in gelatin hydrolysate& (73). The unidentified 
amino acid was crystallized in pure form as the monopicrate 
and monohydrochloride of hydroxylysine seventeen years 
later in 1938 (74). Its structure was shown to be that of 
lysine with the addition of a hydroxyl group on the number 
5 carbon atom. This was accomplished by studying the 
reaction of the compound with nitrous acid (74); periodate 
(76); an~ after protecting the amino groups by benzoylation, 
oxidation with chromic acid ( 5, 6 ) • 
V~ Slyke, Hiller and MacFadyen (75) analyzed pro-
teins for hydroxylysine through the use of periodate oxida-
tion. The proteins were hydrolyzed and the hexone bases 
precipitated as the phosphotungstate&. The redissolved 
phosphotungstate& were reacted with alkaline sodium 
- 3 -
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periodate and the ammonia liberated from the epsilon amino 
group of hydroxylysine was measured manometrically. Of 
sixteen proteins, only gelatin contained hydroxylysine to 
the extent of about one per cent of the total protein ni-
trogen. All others contained between 0.0 and 0.3 per cent. 
Inskip (40) showed hydroxylysine to be present in 
all types of animal collagen at about the same level of one 
per cent of the protein nitrogen. However, recent work 
(44, 59, 60) has shown that the amount of hydroxylysine con-
tained in collagen, or gelatin derived from the collagen, 
varies not only from one tissue to another but also between 
species. More recently hydroxylysine has been found in 
other proteins. Viswanatha and Irreverre (78) found that 
the enzyme trypsin contained one mole of hydroxylysine per 
mole of the enzyme or approximately 0.7 per cent of the 
protein nitrogen, a percentage comparable to that found in 
gelatin. Also, Piez (58) found hydroxylysine in pig embryo 
dental enamel protein and Glimcher (21) found it in fetal 
bovine enamel protein. This enamel protein differs from 
collagen in many respects and is considered to be a 
eukeratin. It is interesting to note that this eukeratin 
is a calcified tissue. 
The status of hydroxylysine in the collagen or gela-
tin molecule is as yet unclear. Apparently most or all of 
5 
it is bound in peptide linkage through the alpha amino and 
carboxyl groups. If all the hydroxylysine were bound in 
alpha peptide linkage leaving the epsilon amino group and 
delta hydroxy group free, then one would expect 100 per 
cent of the amino acid to react with periodate. Upon 
periodate oxidation of gelatin, Desnuelle (11) found a 
production of formaldehyde equivalent to the hydroxylysine 
content. Sinex and Van Slyke (66) found only 70-80 per 
cent of the amino acid destroyed. This partial destruction 
was confirmed by the work of Zahn and ZUrn (82). 
B. Secondary linkages in collagen 
Although the secondary structure of collagen is not 
known, the most acceptable configuration has been recently 
evaluated and discussed by Rich and Crick (62). This 
model, termed collagen II, consists of three polypeptide 
chains. Two of these chains, each with a left-handed 
helical configuration, are held together by hydrogen bonds. 
A third chain can then be added above the plane of the 
first two chains and linked by hydrogen bonds to both of 
them. The three-stranded configuration (each chain a left-
handed helix) is then deformed into a gradual right-handed 
helix. This structure is compatible with the small amount 
of information available on the chemical sequences and 
6 
distribution of amino acid residues in collagen. Rich and 
Crick point out that the side chains of glutamic acid, 
glutamine, lysine, arginine (and presumably hydroxylysine, 
although the authors did not include it) are long enough 
to form hydrogen bonds to a second polypeptide. They also 
noted that arginine is capable of forming two hydrogen 
bonds to two adjacent carbonyl groups of a second peptide 
chain. This feature might be important in the stabiliza-
tion of the collagen molecule and in the formation of 
gelatin. In 1958 Janus (41) found by guanidinating 
gelatin and measuring the gel rigidity that the guanidino 
group may act as an intermediary or as a catalyst in the 
formation of gelatin. 
In general the changes which occur in collagen as 
it becomes a gelatin are threefold (77.): an irreversible 
melting of the helical polypeptide chains, the irreversible 
breaking of the inter-peptide chain bonds and the hydroly-
sis of some peptide linkages to produce a smaller molecule. 
Although collagen was not observed to have any N- or c-
terminal residues, these may be found in gelatin, with 
glycine being the most frequent terminus at both ends 
(26, 33). 
The interaction of the polar side chains is of 
particular interest to the present work. In 1952 Bear (2) 
7 
hypothesized that a great many of the basic amino acid 
residues and other long side-chain polar amino acids were 
located in restricted regions in the collagen molecule and 
were responsible for the banded structures seen in electron 
micrographs of collagen fibers. Also the lining-up of 
such regions on the molecule in the formation of a triple 
helix structure would create a great probability for 
linkage between these polar groups. This linkage could 
be in the form of hydrogen bonds, ionic salt linkages, 
peptide linkages involving the epsilon amino group of ly-
sine or hydroxylysine, ester or glycosidic links involving 
a carbohydrate, or possibly esterification with an inorganic 
group such as the phosphate ion. Grassmann (24) on amino 
acid analysis of peptides derived by tryptic hydrolysis of 
calf skin procollagen inferred a general picture of polar 
regions (which would correspond to the banded areas) and 
apolar regions (which would correspond to the interband 
areas). The apolar regions had high concentrations of 
proline and hydroxyproline while the polar regions con-
tained little imino acid. Glycine composed approximately 
33 per cent of each peptide and was N-terminal in nearly all. 
Glycine, then, seems to be evenly distributed throughout 
the molecule. As an example of the concentration of some 
of the basic amino acids, one peptide found by Grassmann 
contained 7 glycine residues, 7 isoleucine residues, 
1 lysine and 6 hydroxylysine residues. 
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It becomes clear that the hypothesis of Bear (2) 
may be correct and that the proximity of these polar side-
chains may give rise to stabilizing linkages within the 
molecule. Veis and Cohen (77) studied the solubility of 
steer hide collagen in different solvents. They concluded 
that cross-linkages other than hydrogen bonds are responsi-
ble for the insolubility of the collagen molecule and that 
these cross-links might be covalent. 
A carbohydrate content of up to one per cent is as-
sociated with all collagen preparations (25). In this 
paper Grassmann pointed out that probably not more than 
0.5 per cent is ever linked chemically to the protein. 
The possibility of N-glycosidic, 0-glycosidic and ester 
linkages exists. HBrmann (35) treated collagen with 
periodate in acetic acid and urea and found that the col-
lagen goes into solution. He concluded that carbohydrate 
is bound by either N-or 0-glycoside links and ester bonds 
to the peptide chains. The sugar molecule is cleaved by 
the oxidation. Since dissolution is also achieved by 
hydroxylamine, an ester must be involved. Bello (3) and 
Gallop (19) also found evidence for ester bonds in 
collagen. Their evidence was based on the reaction of 
9 
hydroxylamine and a measurement of the resulting hydroxamates. 
Gallop suggested that hydroxylysine may be forming an ester 
cross-link which reacts with hydroxylamine. Gallop (18) was 
unable to account for 40 per cent of the glutamyl residues 
after esterifying gelatin, reacting it with hydroxylamine, 
fluorodinitrobenzene (FDNB) and Lossen rearrangement. The 
possibility of gamma glutamyl esters occurring in gelatin 
was thereby implied. 
Perlmann (57) indicated the existence of diester and 
pyrophosphate bonds in proteins. He found all the phos-
phorus in beta casein in diester linkage between two peptide 
chains. The possibility exists then of phosphate cross-
links in collagen. Sinex (65) found the phosphate content 
of dog tail tendon to be about 10 per cent of the hydroxy-
lysine content of the tendon. More recently Glimcher (20) 
has shown that reconstituted collagen fibrils form covalent 
linkages with phosphate when incubated in dilute solutions 
of inorganic phosphate. This is analagous to the finding 
0 
by Agren (1) of phosphorylserine in alkaline bone phos-
phatase following incubation of the enzyme in P32 labeled 
inorganic phosphate solution. Partridge ~6) has postulated 
that sulfate groups may be bound to the basic residues of 
collagen and thus provide the point of attachment for the 
chondroitin sulfate found in association with collagen in 
cartilage. 
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c. The reactivity of collagen 
The literature concerned with the reactivity of 
collagen to various specific reagents is confusing. The 
confusion is caused by several factors: the use of col-
lagen from different sources (both tissues and species), 
the use of collagen preparations varying in purity, differ-
ences in conditions used in carrying out the reactions, 
and variations in the methods employed to measure the re-
sults. 
Zahn (so, 81) used p, p'-difluoro-m,m'-dinitrodi-
phenylsulfone and found that in 120 hours 82 per cent of 
the epsilon amino groups of hydroxylysine and 56 per cent 
of those of lysine bad reacted. In the course of this 
experiment a tanning actio~which involves cross-linking 
of polypeptide chains, gave added substance to Bear's 
hypothesis (2) since the reacting amino groups had to be 
in close proximity to give this effect. Bowes and Moss (9) 
reported that only 50 per cent of the lysine and 50 per 
cent of the bydroxylysine of collagen reacted with FDNB. 
Heyns ( 32) found that with FDNB only 67 per cent of the 
lysine groups reacted. In 1958 Solomons (67) found that 
FDNB reacted with only 64-70 per cent of the available 
lysine and bydroxylysine in ox-hide collagen. Although 
there are differences, it appears that 36 per cent of the 
11 
epsilon amino groups of collagen are in some way blocked. 
In interpreting such data, one must consider the report of 
Porter (61) who found that although all epsilon amino groups 
of native j6-lactoglobulin can be acetylated only about 
one-third react with FDNB. Denaturation enables all the 
groups to react. 
The oxidation of collagen with sodium periodate may 
yield valuable results concerning the state of the hydroxy-
lysine molecule. Van Slyke (75) has shown that in the free 
state hydroxylysine is quantitatively oxidized and produces 
one mole of formaldehyde and one mole of ammonia for each 
mole of the amino acid. Sinex (66) and Zahn (82) find that 
only about 80 per cent of the hydroxylysine of collagen is 
destroyed by periodate treatment when the amino acid is in 
the intact protein. These studies were both done at 
alkaline pH. However, H6rmann (36, 37) showed that in an 
acetic acid medium only 50 per cent of the hydroxylysine 
of procollagen was destroyed in 5 hours and that the entire 
content was destroyed in 150 hours. He also showed that 
amino acid analysis of the oxidized procollagen for its 
hydroxylysine content, the determination of formaldehyde 
formed, and the ammonia evolved all agreed fairly well. 
In 1945 Desnuelle (11) determined the formaldehyde produced 
by this reaction on gelatin and obtained about 100 per cent 
12 
of the theoretical amount. 
If either the hydroxyl group or the amino group of 
the hydroxylysine side-chain is blocked, then periodate 
oxidation would be impeded. Bello and Vinograd (4) reported 
the selective and complete acetylation of all the hydroxyl 
groups of gelatin. Green (22) was able to obtain 100 per 
cent acetylation of the amino groups of hydroxylysine and 
lysine in collagen, but calculated that 23 per cent of the 
total hydroxyl group content of collagen was blocked. The 
hydroxylysine hydroxyls constitute only about 9 per cent of 
the total hydroxyl groups of collagen if hydroxyproline is 
not included in the calculation. If hydroxyproline is in-
cluded the percentage of hydroxylysine is only 3 per cent. 
Another approach to this problem is the reaction 
of the protein with nitrous acid. Levy (43) found that by 
using nitrosyl chloride he could deaminate all of the 
epsilon amino groups of lysine in ribonuclease, but only 
65 per cent of those in collagen. He also found that 
hydroxylysine is completely destroyed by this procedure. 
Following Levy's report, Betheil and Gallop (8) showed by 
guanidination of icthyocol that no more than two to four 
residues of lysine and one residue of hydroxylysine per 1000 
amino acid residues (corresponding to 20 per cent of the 
total hydroxylysine) could be blocked. This may be compared 
13 
to Levy's figures of 8 to 10 residues of blocked lysine and 
completely free hydroxylysine. In 1959, Mechanic and Levy 
(45) isolated a tripeptide from collagen containing an 
epsilon amino group of lysine in peptide linkage. However, 
the amount of this tripeptide in the collagen molecule was 
not estimated. 
It may be seen that the various reactions referred 
to above do not provide clear, unequivocal answers to the 
question of the status of the more reactive groups of col-
lagen or gelatin. This confusion in the literature result-
ing from the use of indirect methods may lead us to the pur-
suit of the answer through more direct means. 
D. Collagen and calcification 
Neuman and Neuman (53), in an excellent publication, 
have pointed out that collagen is the only organic crystal-
line material in bone which could act as a template for the 
epitactic growth of bone crystals. Robinson and Watson (6~ 
observed that bone crystals develop both on and probably in 
the collagen fiber and that crystallization begins at the 
banded or polar regions of the fiber. In a study of calci-
fying, turkey leg tendon, Likins, Piez and Kunde (44) found 
no correlation between lysine, hydroxylysine content, and 
the calcification process. Similarly, Piez and Likins (60) 
came to the same conclusion by analyzing for lysine and 
hydroxylysine the collagen from several different species 
and tissues. In the above studies, the results were ex-
pressed in terms of the quantity of each of these amino 
acids and their ratios. 
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Piez (58), however, pointed out that hydroxylysine 
exists in all calcified protein matrices, e.g. enamel 
protein which is not considered a collagen, and this oc-
currence suggests that hydroxylysine may somehow play an 
important role in the calcification process. 
III. EXPERIMENTAL 
A. Preparation and characterization of bovine bone gelatin 
1. Preparation 
The gelatin used in these studies was prepared from 
bovine long bones, two tibias and two femurs. We obtained 
the specimen from a hospital kitchen and were uninformed as 
to how long the meat had been hung prior to its arrival. 
The diet and age of the animal are unknown although the 
veterinarian in residence estimated the age at approximately 
three years. 
The bones were thoroughly cleaned and scraped with 
knife and forceps. Only the diaphysis or shaft was used 
and the epiphyses and epiphysial plates were cut off with a 
Stryker autopsy saw. The marrow was removed with a test-
tube brush and the bones were washed with cold water for 
about one hour. They were then soaked in petroleum ether 
for a day, cut open length-wise, and left to air-dry. 
A final cleaning was given by a light application 
of a wire polishing wheel driven by a standard table-top 
grinding motor. The long pieces of bone were then cut with 
the saw into pieces approximately 2.5 em long, washed in 
- 15 -
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ether, and dried in the air. These pieces were broken into 
approximately 0.5 em cubes with a steel crushing vise and 
decalcified in the cold room in a solution of 10 per cent 
ethylenediaminetetraacetic acid (EDTA), pH 7.6, for about 10 
days with continuous agitation. During this time the decal-
cifying solution was changed five times. Decalcification 
was carried out using approximately one ml of 10 per cent 
EDTA solution to three mg bone. Following decalcification 
the preparation was washed with acetone and left to air-dry. 
The collagen was converted to gelatin in boiling water by 
refluxing the dried collagen preparation with one ml water 
for each 100 mg of gelatin. A few drops of caprylic 
alcohol and four to five glass beads were added to prevent 
foaming and bumping. 
After extracting the gelatin in this manner for 40 
hours, the preparation was filtered through Whatman #42 
filter paper using a Buchner funnel. Equal volumes of the 
filtrate and a 10 per cent solution of trichloroacetic acid 
were placed in centrifuge tubes, mixed well and left in the 
refrigerator overnight. The next morning the tubes were 
centrifuged at 2500 rpm for 20 minutes and the supernate 
filtered through Whatman #42 filter paper into dialysis 
tubing. The tubing was then tied and dialysis against dis-
tilled water was begun. The dialysis was carried out in 
the cold room at 2° to 4°C. with constant agitation for 
four days. The water was changed every morning and 
evening and once in the middle of the day. 
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The dialyzed gelatin was filtered, centrifuged as 
before, and placed in a large, round bottom flask. The 
preparation was reduced in volume on a rotary evaporator 
in vacuo with a heating bath temperature of 40°C. The 
concentrated solution was then lyophilized. Although it was 
intended that the dry preparation could be used for future 
experiments after nitrogen analysis on a dry weight basis, 
it was found that during the lyophilization procedure the 
gelatin acting as a glue chipped off particles of the flask 
in which it was contained. For this reason a portion of 
the lyophilized material was redissolved in distilled water 
to make a solution approximately one per cent in gelatin. 
This solution was placed in test-tubes which were then 
stoppered and stored in a freezer. 
2. Characterization 
a. Amino acid analysis 
Amino acid analysis was performed by the method of 
Moore and Stein (47, 49,68). During the course of the in-
vestigation two gelatin preparations were made from the same 
bone sample. One used during the early part of the work was 
labeled "A" and the other used for the latter part of the 
18 
work was labeled "B". Total nitrogen content was determined 
on these solutions by the Van Slyke manometric method (69) 
and the subsequent amino acid analyses were placed on a umole 
per mg nitrogen basis. The chipping of the lyophilization 
flask occurred only in the preparation of solution "B". 
Prior to the analysis of solution "A", we had been 
using the Moore and Stein (49) chromatographic technique for 
amino acid analysis which was published in 1951. Our work 
at that time was confined to studies involving lysine and 
hydroxylysine and for these purposes the modifications of 
Hamilton (27, 29) were found convenient. Essentially the 
procedure consisted of placing the sample (previously 
hydrolyzed in 6 N HCl at 110°C. for 22 hours) on a 0.9xl5 
em column of Dowex 50, 200-400 mesh, 8% crosslinked and 
eluting with 0.1 M sodium citrate buffer pH 5.0 ± 0.1. The 
effluent was collected at a rate of 3 to 4 ml per hour in 
one ml fractions. These fractions were analyzed by the 
Moore and Stein ninhydrin procedure (48). Using this method, 
the hydroxylysine and lysine content of rat bone gelatin, 
prepared as described above, was determined. The results 
agreed with those of Piez and Likins (59) and are shown in 
Table 1. 
Following this preliminary work, the later fraction-
ation procedure of Moore and Stein (47) was set up using 
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TABLE 1. HYDROXYLYSINE AND LYSINE IN THE GELATIN OF THE 
RAT 
Piez and Likins<59) This Laboratory 
Percentage of gelatin nitrogen 
HOLy Lys Total a5ti HOLy Lys Total ...1.I!. HOLy 
Skin 0.81 4.68 5.49 5.8 0.72* 4.77* 5.49* 6.65 * 
Bone 1.74 3.36 5.10 1.93 1.89 3.64 5.53 1.93 
*nata from F.M. Sinex, performed on 16 month old rats. 
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8x,Amberlite IR-120 which was fractionated according to 
size by the method of Hamilton (28). In this procedure the 
elution of the amino acids is faster; the entire fraction-
ation of all amino acids is performed in water-jacketed 
columns at 50°C.; two ml fractions are collected; 0.3 N 
sodium citrate buffer, pH 5.28±.02 is used for the elution 
of the basic amino acids on the 15 em column; and only two 
buffers are needed for the elution of the neutral and acidic 
amino acids on the 150 em column. Collected fractions were 
analyzed by the modified ninhydrin method of Moore and 
Stein (50). The hydroxylysine and lysine content of bovine 
bone gelatin preparation "A" was determined using this 
method. The results are presented in Table 2. 
TABLE 2. HYDROXYLYSINE AND LYSINE IN BOVINE BONE GELATIN: 
PREPARATION "A" 
HOLy LYS Total L;y:s IIOLys 
Per Cent 
Gelatin N 0.89 4.5 5.4 5.1 
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Comparing these data to those in Table 1, both obtained by 
the same analytical procedure, we see that the results for 
bovine bone are quite different from those obtained using 
rat bone gelatin. Confirmational data for steer bone col-
lagen from Piez's laboratory has been published (60). 
Gelatin preparation "B" was analyzed using an 
Amino Acid Analyzer made by Spinco Div., Beclanan Industries, 
Palo Alto, California. This is a fully automated instrument 
for the separation and quantitation of amino acids and is 
fully described by Spackman, Stein and Moore (68). A com-
plete analysis of preparation "B" is given in Table 3. The 
number of determinations indicated for each amino acid in 
Table 3 represents the number of column runs. Hydroxy-
proline was determined using the Neuman and Logan procedure 
(52) as modified by Hutterer and Singer (38). It was also 
found possible to evaluate the hydroxyproline from the 
standard 50°C. run on the 150 em column. The values thus 
obtained agreed well with those obtained by the method of 
Hutterer and Singer. The entire analysis is in agreement 
with that of Piez and Likins (60) and with those compiled 
by Eastoe and Leach ( 13) • The samples of known nitrogen 
content were hydrolyzed with an equal volume of concen-
trated hydrochloric acid in sealed vials at 110°C. for 22 
hours. These hydrolysates were then concentrated in vacuo 
with a rotary evaporator, diluted with water and 
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TABLE 3. AMINO ACID COMPOSITION OF BOVINE BONE GELATIN: 
PREPARATION "B" 
Amino 
Acid IJJIDoles I }.liDoles I ic N I integer residues mg N lOOO JJIDoles o per 1000 residues 
Average of 3 determinations unless otherwise stated 
Aspartic* 2.63 44.4 
Threonin~0 1.01 17.1 
Serine0 2.12 35.8 
Glutamic * 4.52 76.3 
-
Proline 7.56 127.6 
Glycinex 19.25 325.0 
Alanine 6.32 106.7 
Cysteine 0.0 
Valine * 1.22 20.6 
Methionine 0.31 5.2 
Isoleucine 0.67 11.3 
Leucine 1.51 25.5 
Tyrosine X 0.22 3.7 
Phenylalaninex 0.85 14.3 
Hydroxyproline 6.08 102.7 
Lysinex 1.56 26.3 
Histidine 0.25 4.2 
Arginine 2.86 48.3 
Hydroxy lysine 0.30 5.0 
Amide Nx I 1.68 28.4 
Glucosamine11 0.02 0.4 
Total 59.23 1000. 
*Average of 4 determinations. 
xAverage of 2 determinations 
#Not included in totals. 
3.68 
1.41 
2.97 
6.33 
10.59 
26.97 
8.85 
1.70 
0.43 
0.93 
2.11 
0.30 
1.18 
8.52 
4.37 
1.03 
16.03 
0.83 
2.35 
0.03 
98.3 
Ocorrected for decomposition during hydrolysis. 
44 
17 
36 
76 
128 
325 
107 
21 
5 
11 
26 
4 
14 
103 
26 
4 
48 
5 
28 
1000. 
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reconcentrated several times to remove most of the acid 
and then frozen until needed for analysis. It had been 
found in preliminary studies that removal of the acid and 
concentration of volume by storing in a vacuum dessicator 
in the presence of sodium hydroxide led to anomalous 
results in the 15 em columa. Therefore, this latter 
method was not used. The above observation concurs with 
those of Ikawa and Snell (39). The amide nitrogen content 
is approximate because no correction was made for the am-
monium ion content of the buffers or the acid. In 6 N HCl 
at 110°C. for 22 hours, some but not all of the glucosamine 
present is destroyed. That which remains may be seen using 
the 15 em column and appears with phenylalanine on the 150 
em column. The values for threonine and serine were raised 
by 5 per cent and 10 per cent respectively to correct for 
the destructive loss during the acid hydrolysis shown by 
Hirs, Moore and Stein (34). 
Tyrosine was determined on a lyophilized sample of 
preparation "A" by the celorimetric method of Bernhart ( 7). 
In our laboratory, lyophilized preparations of gelatin have 
been shown to contain 7 per cent water and 18 per cent 
nitrogen. The amounts of tyrosine calculated, using these 
values, are in good agreement with the column analysis of 
sample "B". 
TABLE 4. TYROSINE CONTENT OF BOVINE BONE GELATIN 
Weight % )liDoles %N per mg N 
Method of 
Bernhart 0.82 0.23 0.32 
Column 
Analysis 0.22 0.30 
b. Carbohydrate analysis 
The anthrone procedure of Moss (51) was used to 
determine the carbohydrate content of preparation "A" 
in terms of glucose. The carbohydrate content is noted 
to be fairly low at 0.24% by weight as glucose. This 
calculates to be 0.074 pmoles glucose per mg N. 
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B. The reactivity of hydroxylysine in bone gelatin 
with periodate 
1. Choice of the method 
Amino acids, even when in peptide linkage, enter 
into many of the standard organic reactions which enable 
25 
us to detect them qualitatively and quantitatively or to 
evaluate their status in the protein molecule. Several 
reviews have been written on this subject (15, 55). In 
addition to the epsilon amino group seen in lysine, hydroxy-
lysine contains a hydroxyl group in its side-chain. When 
the delta hydroxyl group is considered, with regard to the 
relative position of the amino group, the molecule re-
sembles serine. 
In general, any compounds reacting with amino or 
hydroxyl groups may be considered as reagents for the study 
of the bonding of hydroxylysine. Both the amino and 
hydroxyl groups may be acetylated if they are free; also, 
selective acetylation of the amino group can be accom-
plished by controlling conditions of pH. Nitrous acid 
could be used to deaminate primary amines replacing them by 
hydroxyl groups. During oxidation with periodate a mole-
cule which contains vicinal hydroxyl groups or adjacent 
amino and hydroxyl groups is cleaved with the formation 
of aldehydes (10, 31, 42, 54). 
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Several groups of workers have previously published 
variable figures for the reactivity of collagen and gelatin 
hydroxylysine with periodate as well as other reagents. 
These investigations were reviewed in the historical section. 
The methods used in these investigations have innate 
tendencies to error. It has been shown that the reagents 
used react incompletely or require extreme conditions for 
the reaction to go to completion. Hydroxylysine comprises 
only about one per cent of the protein nitrogen of collagen 
or gelatin. The inability of this hydroxylysine to react 
completely with any or all reactive methods may be based on 
chemical unions of either the epsilon amino or the hydroxyl 
group or both. Steric hindrance to the reaction may be 
caused by the secondary and tertiary structure of the pro-
tein. The method must be chosen with these thoughts in 
mind. 
We selected the periodate oxidation method of 
Frisell and Mackenzie (16) after reviewing previous in-
vestigations made on the structure of collagen and gelatin. 
The specificity and apparent completeness of the reaction 
as well as the reaction conditions, sensitivity and ease 
of detection were the factors which influenced our choice. 
The sensitivity of the method allows the detection 
of as little as 0.8 pmoles of serine as formaldehyde by the 
27 
chromotropic acid spectrophotometric procedure. The method 
produces formaldehyde with free serine, free hydroxylysine, 
and hydroxylysine with its alpha amino and carboxyl group-
ings in peptide linkage. The formaldehyde formed is sub-
sequently trapped as a bisulfite addition compound and 
detected with 1,8-dihydroxynaphthalene-3,6-disulfonic acid 
(chromotropic acid) in 25 N sulfuric acid. Threonine reacts 
also but produces acetaldehyde instead of formaldehyde. Any 
serine which is in an N-terminal position in the protein 
will also release formaldehyde; however, no formaldehyde is 
produced if the alpha amino group of serine is bound. The 
reaction with free serine goes to completion in five minutes 
in a solution made alkaline to methyl red by the dropwise 
addition of 5 N sodium hydroxide. Van Slyke, Hiller and 
MacFadyen (75) have shown that free hydroxylysine shows 
the same course of reaction as free serine and that this 
reaction is very fast but that additional reduction of 
periodate to iodate with the production of ammonia by the 
mixture occurs slowly with a rate which varies inversely 
with the alkalinity of the mixture. The rate of anomalous 
reduction of periodate is slower in 0.1 M sodium hydroxide 
concentration than at 0.01 M concentrations. 
It was thought to be advantageous to measure the 
formaldehyde produced by periodate oxidation. Of the 
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amino acids only hydroxylysine (76) in peptide linkage and 
N-terminal serine release formaldehyde and since N-terminal 
serine can be detected in gelatin to the extent of less 
than one per cent of the total hydroxylysine content (26, 33) 
than determination of the formaldehyde formed might be more 
specific and perhaps less liable to erratic behaviour than 
are either ammonia or iodometric determinations. 
2. Experimental procedure 
a. Method of determination 
The experimental procedure is essentially that of 
Frisell, Meech and Mackenzie (17). 
Aliquots of the sample solution were placed in 25 ml 
volumetric flasks. Ten ml of distilled water was added to 
a fourth flask serving as a reagent blank and enough 
distilled water was added to each of the flasks to make 
the total volume ten ml. After the addition of one ml of 
1.0 N NaOH, each flask received one ml of a 0.075 M sodium 
periodate solution. 
The reaction is allowed to proceed for a specific 
period of time with occasional shaking. Two ml of a 10 per 
cent ZnSo4 • 7 H2o solution were then added and immediately 
followed with one ml of a 0.075 M sodium bisulfite solution 
to reduce any excess periodate ions. Distilled water was 
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added to each flask to the 25 ml mark and, after mixing, 
the contents individually filtered through Whatman 11 
filter paper into separate 50 ml beakers. One ml of each 
filtrate was placed in each of two 18 x 150 mm test-tubes 
calibrated to serve as cuvettes in the Coleman Jr. 
Spectrophotometer. Each tube then received 10 ml of a 
chromotropic acid solution and, after covering the mouth 
of the tube with "Parafilm," was mixed thoroughly by 
inversion. The tubes were placed in a boiling water bath 
(tubes uncovered) for 30 minutes, then removed and allowed 
to come to room temperature. One ml of a half-saturated 
thiourea solution was then added, the tubes again mixed 
by inversion and wiped clean and dry. The optical 
densities were read against the reagent blank in a 
Coleman Jr. Spectrophotometer at 570 mp. 
b. Standard curve 
A standard curve for serine was determined using 
the above procedure. 
Two, four, and six ml of a 1.0 pM DL-serine solu-
tion were placed in separate 25 ml volumetric flasks and a 
reagent blank prepared as described. The results appear 
in Figure 1. From these data the absorption coefficient 
for formaldehyde formed was determined and found to be 
0.082 pmoles-1• 
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c. The effect of gelatin on the recovery of 
formaldehyde by the chromotropic acid 
procedure 
31 
Although the final development of color in the 
chromotropic acid procedure takes place in a 25 N sulfuric 
acid solution, it seemed routine to check the recovery of 
formaldehyde from solutions containing gelatin. 
Three 25 ml volumetric flasks were set up, each 
containing 0.5 ml of 1.96 N NaOH. The first flask served 
as a reagent blank. Ten ml of an approximately one mM 
solution of formaldehyde was placed in the remaining two 
flasks. In addition one of the two flasks containing 
formaldehyde received 10 ml of a one per cent commercial 
gelatin solution. The volume of each flask was adjusted 
to approximately 20 ml; and two ml of a 10 per cent 
znso4 • 7H2o solution were added. After adjusting the 
volume of each flask to the 25 ml mark with distilled 
water and mixing, one ml aliquots were removed for dup-
licate colorimetric analysis by the chromotropic acid 
procedure. The average optical density for the sample con-
taining formaldehyde but no gelatin was 0.91 when read 
against the reagent blank. The sample which contained 
gelatin in addition to the formaldehyde showed an optical 
density of 0.90 which indicates almost complete recovery. 
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A second similar experiment was set up using three 
flasks containing sodium hydroxide as before. The first 
flask received, in addition, only gelatin and served as a 
blank; the second received formaldehyde only, and the 
third, both formaldehyde and gelatin. The solutions and 
quantities were the same as in the previous experiment. 
In this second experiment no zinc sulfate was added. The 
flasks were made to volume, mixed, and sampled for analy-
sis by the chromotropic acid procedure. 
Colorimetry yielded the following results: (1) the 
sample containing only formaldehyde read 0.90 against the 
blank; and (2) the sample containing both formaldehyde and 
gelatin read only 0.64. This is a loss of 29 per cent. 
The gelatin blank read 0.0 against the water blank of the 
previous experiment. 
The significance of these recovery experiments in 
relation to the periodate oxidation of gelatin will be 
discussed later. 
d. The effect of peptide-bound serine on 
formaldehyde production in 0.1 N NaOH 
In order to determine if slow hydrolysis of the 
polypeptide chain might be occurring during a one hour 
reaction in 0.1 N NaOH and thus releasing N-terminal 
serine, we reacted bovine serum albumin under such conditions 
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and measured the resulting formaldehyde by the chromotropic 
acid procedure. 
Twenty ml of water were added to 269 mg of lyophilized 
bovine serum albumin contained in a 30 ml beaker. After the 
protein was dissolved 2.1 ml of 1.01 N NaOH were added, 
followed by one ml of .075 M sodium periodate. The reaction 
mixture was stirred with a magnetic stirrer and one ml 
aliquots were taken at various time intervals during a period 
of one hour for determination of the formaldehyde. In this 
experiment, the one ml aliquot was placed in a test-tube 
containing one ml of 10 per cent sodium bisulfite and mixed 
well. In this manner the excess periodate was destroyed 
and the reaction stopped. One ml aliquots were then removed 
from each tube and placed in cuvettes for subsequent 
chromotropic acid analysis. 
At 1.5 minutes the formaldehyde determined was 0.003 
pmoles per mg nitrogen; and this did not change during the 
hour-long period. 
e. Formaldehyde produced by glucose in alkaline 
solution 
We had reason to question the contribution of 
glucose to the total formaldehyde produced in an alkaline 
periodate oxidation of gelatin. We, therefore, reacted 
glucose with sodium periodate in a 0.1 N NaOH solution in 
order to find how much formaldehyde was produced under 
these conditions. 
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One ml of 0.075 M sodium periodate solution was 
placed in a 50 ml beaker along with 20 ml of a 0.6 mM 
glucose solution and 2.33 ml of 1.01 N NaOH solution. The 
mixture was agitated with a magnetic stirrer and aliquots 
were removed at various times for chromotropic acid analy-
sis as in the previous experiment. The results (Table 5) 
show that 95 per cent of the theoretical amount of 
formaldehyde was produced in 60 minutes. 
3. Results of periodate oxidation reactions 
a. Reaction in 0.1 N NaOH 
At the suggestion of Dr. Van Slyke, an investiga-
tion was begun to appraise the rate of the hydroxylysine 
periodate interaction when the amino acid is in the intact 
gelatin. The rate of reaction might clarify the state of 
individual residues of hydroxylysine within the molecule 
and give a clue as to the reason why 20-30 per cent of it 
is non-reacting. 
Ten ml of a solution of bovine bone gelatin, 
preparation "A", containing 1.025 mg nitrogen per ml were 
placed in a 25 ml volumetric flask. One ml of 1.0 N NaOH 
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TABLE 5 • PERIODATE OXIDATION OF GLUCOSE IN 0. 1 N NaOH 
Oxidation O.D. Sample )JIDOles HCHO ~oles HCHO Time minus 
mi Minutes O.D. Bl&nk )llDo es glucose 
1 .045 .048 .093 
3 .138 .148 .288 
6 .244 .261 .508 
12 .346 .370 .720 
20 .390 .417 .811 
30 .420 .449 .874 
60 .455 .487 .947 
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was added to make the solution approximately 0.1 N in 
sodium hydroxide. Sixteen of these flasks were set up 
providing duplicate tests for 8 different oxidation times. 
A reagent blank was also set up, using water in place of 
gelatin; and a control flask was prepared in which the 
zinc sulfate and sodium bisulfite preceded the periodate. 
The micromoles of formaldehyde per mg gelatin 
nitrogen and per micromole of hydroxylysine were calculated 
using the absorption coefficient from the serine standard 
curve. Micro-Kjeldahl nitrogen determinations were done by 
the VanSlyke manometric method (69); and the hydroxylysine 
was determined by the Moore and Stein chromatographic 
technique described in section 2:a under Experimental. The 
results were displayed in Table 6 and Figure 2. 
The data were tested for conformity with first- and 
second-order reactions (Figures 3 and 4). Since neither 
test produced a straight line, we attempted to divide the 
first-order curve into two components by drawing a line 
through the last two points, 30 and 60 minutes and ex-
trapolating it to zero time. Van Slyke, Hiller and 
MacFadyen (75) have shown by ammonia determinations that 
free hydroxylysine is completely destroyed by periodate in 
less than 10 minutes. Therefore, at 30 minutes one would 
expect that the contribution of a fast-reacting component 
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TABLE 6. PERIODATE OXIDATION OF BONE GELATIN 
IN ALKALINE SOLUIION 
Oxidation O.D. minus JllDOles J.11DOles pmoles HCHO O.D. of HCHO 
Time Sample per HCHO per pmole 
control 25 ml per of 
Minutes Avg. of 4 Flask mg N hydroxy lysine 
0.5 .006 .07 .007 .025 
1.0 .014 .17 .017 .052 
5 .056 .68 .066 .208 
10 .090 1.10 .107 .338 
15 .112 1.37 .127 .420 
30 .146 1.78 .174 .546 
60 .170 2.07 .203 .636 
sample 
control 0.00 0 
0 
I 
u 
I 
(/) 
Q) 
0 
2.4 
E 
::t 
FIGURE 2 
PERIODATE OXIDATION OF BONE GELATIN 
IN 0.1 N NaOH 
FORMALDEHYDE PRODUCED vs TIME 
10.25 mg GELATIN N = 3.26 f-Lmoles HYDROXYLYSINE 
I I I 
3 6 9 12 15 30 
TIME .-MINUTES 
60 
w ()0 
0 
~ 
)( 
I 
0 
20 
---
\ 
\ 
\ 
~ 
\ 
\ 
5 
--
FIGURE 3 
1° KINETIC PLOT OF ALKALINE PERIODATE 
REACTION WITH BONE GELATIN 
SLOW-------
-
\ 
' \ 
\ 
\ 
~, FAST 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
-----THEORETICAL 
COMPARTMENTS 
10 15 20 30 
TIME --MINUTES 
39 
60 
0 
-)( 
FIGURE 4 
2° KINETIC PLOT OF ALKALINE 
PERIODATE REACTION 
WITH BONE GELATIN 
40 
-)( 
I 
..c 
0 
........ 
-)( 
I 
0 
..c 
5 
4 
3·2 L---5L---I~0---1~5---2~0---2~5---3~0-----------------------6~0~ 
TIME------. MINUTES 
41 
would be small. When values on this line were subtracted 
from those on the original curve, the differences could be 
plotted as a straight line (Figure 3). The calculated 
half-times for these two components are shown in Table 7. 
b. Reaction at pH 7.1 
The protocol of this experiment was essentially 
the same as in the previous periodate oxidation in 0.1 N 
NaOH. The reaction was contained in 25 ml volumetric 
flasks each containing 10 ml of a one per cent solution of 
the dried bone gelatin. One ml of one M phosphate buffer, 
pH 7.1, was added and followed by 3.5 ml of a 0.2 M sodium 
metaperiodate solution. After a specific time interval 
one drop of methyl red was added and followed by 3.5 ml of 
a 0.2 M sodium bisulfite solution to trap formaldehyde and 
reduce excess periodate ions to iodate. A solution of 
10 per cent trichloroacetic acid was added to a red tint 
and the flask made to 25 ml volume. One ml aliquots were 
removed from each flask and the chromotropic acid color 
development carried out as before. The results are shown 
in Table 8 and Figure 5. 
When the data were analyzed for a first-order re-
action (Figure 6), a single straight line did not result. 
On the basis of the two component analysis of the reaction 
in .1 N NaOH, a similar analysis was tried here (Figure 6). 
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TABLE 7. HALF-TIMES FOR FAST AND SL<N COMPONENTS OF 
BONE GELATIN IN ALKALINE PERIODATE 
Half-Time 
Component a log a K t .693 a (a-x) (a-x) min-1 \. -y-
min 
Fast 1.31 3.45 .5374 .124 5.6 
t • 10 min 
Slow 1.95 1.20 .0777 .009 77 
t = 20 min 
TABLE 8. PERIODATE OXIDATION OF BONE GELATIN AT pH 7.1 
Oxidation O.D. minus JliDOles pmoles pmoles O.D. of HCHO HCHO 
Time sample per HCHO per }Jlllole 
control 25 m1 per of 
Minutes Avg. of 4 Flask mg N hydroxy lysine 
2 .155 3.88 .222 .698 
8 .158 3.95 .226 .710 
12 .157 3.93 .225 .708 
18 .158 3.95 .226 • 710 
25 .160 4.00 .229 .720 
30 .159 3.98 .228 .717 
35 .162 4.05 .232 .729 
40 .163 4.08 .234 • 736 
60 .167 4.18 .239 .752 
120 .169 4.23 .242 .761 
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In this case, there was an abrupt change in the slope of 
the curve at two minutes. Therefore, we divided the first-
order curve into two components, fitting by eye the best 
straight line through two and 120 minutes. Plotting the 
differences obtained from the original curve produced a 
straight line. The calculated half-times of these two 
components are given in Table 9. 
c. Reaction at pH 8.3 
In order to simplify the experimental procedure, 
some modifications were introduced before carrying out this 
experiment at pH 8.3. The test flask was a 100 ml volumet-
ric flask containing 40 ml of one per cent bone gelatin, 
16 ml 0.1 M sodium pyrophosphate buffer, pH 8.3, 4 ml 
0.075 M sodium metaperiodate solution and made up to 100 
ml with distilled water. The flask was kept at room 
temperature (28°C.) and aliquots were removed at designated 
times for the colorimetric determination of formaldehyde 
as described in section B:2a. A control flask, blank and 
standard were set up in similar fashion, differing from the 
unknown as described in the first two experiments. The 
reaction was allowed to proceed for two hours. The activity 
at pH 8.3 is shown in Table 10 and Figure 7. 
A graph of the data to test for a first-order 
reaction is shown in Figure 8. This was analyzed using the 
47 
TABLE 9. HALF-TIMES FOR FAST AND SLa-1 COMPONENTS OF 
BONE GELATIN DURING PERIODATE OXIDATION AT 
pH 7.1 
K Half-time a a t .693 Component a (a-x) log (a-x) min-1 \ • I< 
min 
Fast 2.21 2.82 
.4495 1.04 .7 
t : 1 min 
Slow .97 1.09 
.0374 .003 200 t = 25 min 
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TABLE 10. PERIODATE OXIDATION OF BONE GELATIN AT pH 8. 3 
Oxidation O.D. minus JllDOles JllDOles 
Time O.D. of HCHO HCHO sample per per }Jlllole 
min control mg N hydroxy lysine 
2 .282 .197 .620 
3 .288 .202 .635 
5 .292 .204 .642 
10 .292 .204 .642 
20 .294 .206 .648 
30 .298 .209 .657 
45 .295 .207 .651 
60 .302 .212 .667 
90 .305 .213 .670 
120 .310 .217 .682 
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two-component hypothesis applied in the previous experi-
ments. In this case, an abrupt change in the slope also 
occurred at 5 minutes and the line representing the slow 
component was fitted to the points by eye. The second 
component was determined by subtracting the first component 
from the original curve. Both components are shown in 
Figure 8. The half-times of these two components were 
calculated and are given in Table 11. 
d. Reaction at pH 9.6 
The oxidation of the bone gelatin at pH 9.6 pro-
duced poor results. The experimental procedure was 
identical to that at pH 8.3 except that 40 ml of 0.2 M 
glycine buffer were used instead of pyrophosphate buffer. 
As before, the reaction was allowed to proceed at room 
temperature, 30°C. The serine standards did not yield the 
same absorption coefficient as in previous experiments and 
the two-hour-reaction sample turned an abnormal iodine-
yellow color on addition of chromotropic acid. For these 
reasons this experiment is only mentioned here and the 
data are not included. 
e. Reaction at pH 12 
This experiment was conducted with the aid of a 
Radiometer Automatic Titrator, Type TTTla (Radiometer Corp., 
Copenhagen), used as a "pH-Stat" in conjunction with a 
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TABLE 11. HALF-TIMES FOR FAST AND SLOW COMPONENTS 
OF BONE GELATIN DURING PERIODATE OXIDA-
TION AT pH 8.3 
Half-Time 
Component a a log a K .693 (a-x) (a-x) min-1 t\ = --r 
min 
Fast .204 2.68 
t • 1 min 
.4281 .986 .7 
Slow .115 1.03 
.0115 .001 700 t = 20 min 
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recorder (Ole Dich, Denmark). This apparatus enables one 
to maintain a constant pH without the interference produced 
by some buffer systems. A Radiometer, type B, glass 
electrode was used to minimize the sodium error in the 
region of pH 10 or above. Twenty ml of bovine, bone 
gelatin solution "B" were pipetted into a 50 ml beaker. 
This is the second gelatin preparation described in the 
first portion of the experimental section. This solution 
had a pH of 5.55 and was adjusted to pH 12 by the addition 
of 0.36 ml of a 1.0 N NaOH solution. The sample was kept 
under an atmosphere of nitrogen, stirred by a magnetic 
stirrer and stabilized at pH 12. The recorder was turned 
on; and then one ml of 0.075 M sodium metaperiodate was 
added. The pH fell immediately to 11.8. To regain pH 12 
required eight minutes time and the addition of 0.116 mEq 
of base. One ml aliquots were removed at various intervals 
for determination of formaldehyde. The results are pre-
sented in Table 12 and Figure 9. A plot made to test for 
a first-order reaction did not produce a straight line. 
As shown in Figure 10, an abrupt change occurs at 5 minutes. 
Drawing of the best fitting line by eye for the slow com-
ponent and subtracting this from the original curve results 
in a straight line representing the fast component. Table 
13 shows the half-time calculated for this fast component. 
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TABLE 12. PERIODATE OXIDATION OF BONE GELATIN AT pH 12 
Oxidation O.D. minus pmoles pmoles HCHO 
Time O.D. of sample HCHO per }lillole 
min control per mg N Hydroxy lysine 
1.25 .123 .064 .215 
3 .169 .088 .295 
6 .192 .100 .336 
11 .192 .100 .336 
15 .198 .103 .346 
30 .180 .094 .315 
60 .175 .091 .305 
120 .160 .083 .278 
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TABLE 13. HALF-TIME FOR FAST COMPONENT OF BONE GELATIN 
DURING PERIODATE OXIDATION AT pH 12 
Half-Time 
Component a a log a K t .693 (a-x) (a-x) min-l ~ = --r 
min 
Fast .098 4.67 
t • 2 min .669 .77 .9 
Slow .200 negative 
The slope of the line of the slow component was close to 
zero or slightly negative and the half-time could not be 
calculated. 
f. Reaction at pH 4.2 for 15 minutes followed 
by reaction at pH 12.0 
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This experiment attempted to eliminate from the 
formaldehyde analysis any possible interference produced 
by the carbohydrate content of the gelatin. To this end, 
a fairly rapid acid oxidation of the carbohydrate was 
carried out and then the hydroxylysine was oxidized sub-
sequently in an alkaline solution. The experiment was 
conducted with the Radiometer Titrator as in the previous 
experiment. Twenty ml of gelatin solution "B" were 
placed in a 50 ml beaker. The solution was acidified to 
a pH of 4.2 with 0.02 ml of glacial acetic acid. One ml 
of 0.075 M Naro4 was then added and the reaction was 
allowed to continue for 15 minutes. At this time a one 
ml aliquot was removed for chromotropic acid analysis. 
NaOH was then added to bring the solution to pH 12. 
v· ;,· 
Aliquots were then removed at designated times (Table 14) · 
for the chromotropic acid analysis of formaldehyde. The 
initiation of the alkaline periodate oxidation of gelatin, 
in this and the previous experiment caused a very rapid 
utilization of base in order to maintain the mixture at 
TABLE 14. PERIODATE OXIDATION OF BONE GELATIN AT pH 12 AFTER TREATMENT WITH 
PERIODATE AT pH 4. 2 
Oxidation J.1ID01es 
pH HCHO ~o1es HCHO tH 12 - ~o1es HCHO EH 4.2 Time per mg N pmo es hydroxylysine min 
15 4.15 .06 0 
3 12 .1 0.135 
6.5 12 .110 0.169 
10 12 .113 0.178 
15 12 .117 0.191 
30 12 .119 0.198 
60 12 .119 0.198 
Vt 
\0 
pH 12. This would be consistent with the production of 
acid. 
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The results of this experiment, as shown in Table 14, 
were obtained by subtracting the pmoles of formaldehyde 
produced by acidic oxidation from the formaldehyde produced 
by both acidic and alkaline oxidation. The activity curve 
is shown in Figure 11. A plot to test results at pH 12 
for a first-order reaction did not produce a straight line 
(Figure 12). The best fitting line, drawn by eye, rep-
resenting the slow component, had a slope of zero. When 
the values of the second component were subtracted from the 
original curve and the differences plotted, a straight line 
resulted (Figure 12). The half-time for the fast component 
was calculated and is shown in Table 15. 
g. Reaction at pH 4.2 for 32 minutes followed by 
reaction at pH 12.7 
The previous experiment was repeated in the same 
manner as before; but the acetic acid oxidation was carried 
out for 32 minutes, instead of 15, and the alkaline oxida-
tion was carried out at a pH of 12.7. 
The results of this experiment, obtained by sub-
tracting the amount of formaldehyde produced by acid oxida-
tion for 32 minutes from the amount produced by both acid 
and alkaline oxidation are recorded in Table 16. The curve 
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TABLE 15. HALF -TIMES FOR FAST AND SLOW COMPONENTS OF BONE 
GELATIN DURING PERIODATE OXIDATION AT pH 12.0 
FOLLOWING OXIDATION FOR 15 MINUTES AT pH 4. 2 
a a K Half-Time Component a (a-x) log (a-x) . -1 t\ =~ m1.n 
min 
Fast .058 3.1 
.484 • 37 1.9 t • 3 min 
Slow .240 1.0 0 0 
TABLE 16. PERIODATE OXIDATION OF BONE GELATIN AT pH 12. 7 AFTER TREATMENT WITH 
PERIODATE AT pH 4.2 
-
- ~-------------- ··------------- . - --~~--------~----
Oxidatio~ )llllOles 
Time pH HCHO ~o1es HCHO EH 12.7 - pmo1es HCHO tH 4.2 for 32 minutes per Minutes illgN ~oles hyoroxylys ne 
1.2 4.2 .031 
3 4.2 .041 
6 4.2 .049 
12 4.2 .057 
20 4.2 .064 
32 4.2 .071 
3 12.7 .137 .222 
7 12.7 .134 .211 
12 12.7 .133 .208 
24 12.7 .130 .198 
38 12.7 .125 .181 
60 12.7 .120 .165 0'\ .p. 
of the activity is plotted in Figure 13. Because of the 
negative slope of the activity curve, no analysis for 
reaction order was made. 
4. Chromatographic determination of hydroxylysine 
after periodate oxidation of gelatin at pH 12 
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Since the oxidation conducted at pH 4.2 followed 
by oxidation at pH 12 neither produced a first-order reac-
tion nor resolved the problem of interference by carbo-
hydrate, a new approach was attempted. This approach was 
to make a direct determination of any hydroxylysine remain-
ing in the gelatin sample after oxidation by periodate. 
This, at least, might resolve the interference by carbo-
hydrate problem. 
The one ml samples used in this experiment were 
taken from the unused solution of experiment 3:f. One 
sample had been stopped after three minutes reaction with 
periodate and the other, after 60 minutes. Each contained 
about one mg of gelatin nitrogen. The samples were washed 
into small dialysis bags with one additional ml of water 
and dialized against running, demineralized water for 24 
hours. The contents of each bag were then washed into a 
5 ml volumetric flask and made to volume with distilled 
water. One ml aliquots were taken for acid hydrolysis. 
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The samples were hydrolyzed in 6 N HCl for 22 hours in 
sealed tubes and each was subjected to column chromatography 
for the basic amino acids by the method of Moore and Stein 
(47) described in section A:2a. 
The pmoles of hydroxylysine and lysine were cal-
culated from the column runs and the ratio of hydroxylysine 
to lysine from each run was divided by the ratio existing 
in unoxidized gelatin in order to obtain the percentage of 
hydroxylysine remaining in the treated gelatin. By sub-
traction, the results produced indicate that 38 per cent of 
the hydroxylysine was destroyed after three minutes oxida-
tion and 58 per cent, after 60 minutes. Thus, by this 
method, periodate oxidation appears to produce greater 
destruction of hydroxylysine than that indicated by de-
termination of formaldehyde (Table 12). 
5. Deamination with nitrous acid 
Some investigators have implied that the epsilon 
amino groups of lysine and hydroxylysine in gelatin are 
bound in some way, perhaps in peptide linkage (8, 9, 32, 
43 , 45 , 6 7). Since the nitrous acid deamination procedure 
of Van Slyke (70) deaminates only free amino groups, this 
would seem to be a suitable method for detecting whether 
the epsilon amino group of hydroxylysine is free or bound. 
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A modification of the Van Slyke (70} method to measure the 
amount of each remaining amino acid, rather than nitrogen 
released, would serve to indicate the number of free 
epsilon amino groups of hydroxylysine existing in gelatin. 
With the above modification in mind, the following 
experiments were designed to determine if the epsilon 
amino groups can be removed entirely from the lysine and 
hydroxylysine of gelatin and also to locate the deaminated 
products chromatographically. Subsequent hydrolysis and 
identification of the products of nitrous acid treatment 
might give indication of the occurrence of free epsilon 
amino groups of hydroxylysine or lysine in gelatin. 
a. Qualitative examination of the nitrous acid 
reaction with commercial gelatin 
Five ml of a five per cent solution of commercial 
gelatin were placed in a 50 ml centrifuge tube containing 
one ml of glacial acetic acid. To this were added two ml 
of a solution of sodium nitrite, made by dissolving 80 gm 
NaN02 in 100 ml water, along with 3 drops of caprylic 
alcohol to prevent foaming. The mixture was allowed to 
react in the fume hood for 15 minutes at room temperature 
with occasional stirring. The solution was then neutralized 
with 2.0 N NaOH and centrifuged. No precipitate was ob-
served. The centrifuged mixture was dialyzed, with 
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agitation, at room temperature for 16 hours. Aliquots were 
removed for acid hydrolysis and column chromatography by 
the method of Moore and Stein (47) described in section 
A:2a. 
When analyzed by ninhydrin, the basic amino acid 
column showed no new peaks. Apparently, lysine and hydroxy-
lysine were not completely destroyed by the nitrous acid. 
The experiment was not meant to be quantitative so the 
amounts of the amino acids present were not calculated. 
It appeared, however, that the ratio of hydroxylysine to 
lysine was about 1:2 rather than the expected 1:5. On the 
long column for neutral and acidic amino acids several new 
peaks, not usually present, were noted. These may be seen 
as cross-hatched areas in Figure 14. 
b. Nitrous acid deamination of insulin 
Since at least four new peaks were observed upon 
chromatography of the nitrous acid treated gelatin, it was 
thought that similar treatment of insulin might partially 
resolve the problem and indicate which of the new peaks 
was derived from lysine. Insulin contains one residue of 
lysine and no hydroxylysine in each double chain unit of 
molecular weight 6000. 
The reaction was carried out in two 15 ml conical 
centrifuge tubes. The first, labeled 15 minutes, con-
tained 10.2 mg of insulin and the second, labeled 30 minutes, 
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contained 5.5 mg. In each of the tubes was placed one ml 
water, one ml glacial acetic acid, two ml saturated sodium 
nitrite solution and 3 drops of caprylic alcohol. The 
reaction was allowed to proceed at room temperature, in the 
fume hood, with occasional stirring, for 15 minutes in one 
case and 30 minutes in the second. After the specified 
reaction time had elapsed the contents of each tube were 
neutralized with 2.6 N NaOH and washed into separate 
dialysis bags. The samples were allowed to dialyze for 
16 hours, in the cold room, against running demineralized 
water. Following dialysis each sample was washed into a 
50 ml beaker and dried in a vacuum dessicator. Five ml 
of 6 N HCl were then added to the 15 minute sample and 
2.5 ml, to the 30 minute sample. One ml aliquots of the 
resulting solutions were placed in tubes for acid 
hydrolysis at ll0°C. The amino acids were analyzed as 
described in A:2a with the exception of the 150 em column 
run for the 15 minute sample. The latter was done on the 
Spinco Amino Acid Analyzer referred to in section A:2a. 
The results with insulin showed that the lysine 
was not completely destroyed after 15 or 30 minutes treat-
ment with the nitrous acid. It appeared that approximately 
50 per cent had been deaminated. The long column runs for 
both reaction times showed new peaks. The positions of 
these peaks are noted by solid-line arrows in Figure 14. 
At least two of the new peaks found in commercial gelatin 
coincide with those of insulin. One might infer that 
either one or the other of these two peaks could come 
from deamination of lysine, but that neither is derived 
from hydroxylysine. These, however, are conjectures 
which do not answer the question. 
c. The reaction of glycyl-L-lysine with nitrous 
acid 
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When glycyl-L-lysine is reacted with nitrous acid, 
the glycine should be completely deaminated and the lysine 
deaminated only on the epsilon carbon atom. Presumably 
the results of such deamination should enable one to locate 
the derivative of lysine on an amino acid chromatogram. 
About 40 pmoles of glycyl-L-lysine · so4 were 
placed in a 20 ml beaker and subjected to treatment with 
nitrous acid for 30 minutes at room temperature in the 
presence of 6 N HCl rather than acetic acid (30). One gram 
of stannous chloride was then added and the mixture stirred 
for 5 minutes to reduce any nitrous acid which remained in 
the solution. The mixture was then passed through a 0.9 x 
20 em column of Dowex SOw in the hydrogen form. Elution 
with water was continued until a silver nitrate test for 
chloride ion was negative. This procedure was repeated on 
the effluent using a freshly regenerated column. The ef-
fluent was concentrated in vacuo, subjected to acid 
hydrolysis, and analyzed on the 150 em column as before. 
Four ninhydrin reacting peaks appeared. In the 
insulin chromatogram the first of these peaks would be 
hidden by cysteic acid. A second peak would be hidden by 
the glutamic acid peak of insulin. The remaining two 
peaks were seen in the nitrous acid treated insulin and 
gelatin chromatograms and are denoted by broken-line 
arrows in Figure 14. 
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We are not able to explain the several new peaks 
resulting from the nitrous acid treatment of this 
dipeptide, glycyl-L-lysine. Clearly the problem of the 
derivatives is not solved. It is our present intention to 
repeat these experiments using poly-L-lysine, and gelatin 
which contains c14 labeled lysine and hydroxylysine. 
6. Collagenase digestion of bovine bone gelatin 
a. Separation of peptides on Dowex 50 
Enzymatic digestion of the gelatin preparation might 
result in smaller peptides containing a higher percentage 
of hydroxylysine than the parent gelatin. Isolation of 
these peptides might facilitate the study of the individual 
residues. 
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We treated our bovine bone gelatin with bacterial 
collagenase. This enzyme hydrolyzes collagen or gelatin 
in the regions which have high concentrations of glycine, 
proline and hydroxyproline. It is thought to hydrolyze 
the sequence xPR1R2P where P is proline, between R1 and R2. 
A primary product of the digestion is the tripeptide 
glycine-proline-hydroxyproline (46). 
Using the method of von Rippel, Gallop, Seifter 
and Cunningham (79), 429 mg of our gelatin sample was 
placed in a 50 ml test-tube containing 25 ml 0.5 M cac12• 
The solution was adjusted to pH 8.0 with 1.0 N NaOH. The 
reaction was started by adding 5 ml of a 0.5 M CaC12 solu-
tion containing 14.6 mg of collagenase. The pH was main-
tained by a "pH-Stat" described in section 3:e; stirring 
was accomplished magnetically; nitrogen was continuously 
flushed over the top of the solution; and the reaction was 
allowed to continue at room temperature for 16 hours. 
Following enzymatic hydrolysis, half the digest 
was placed on a 2.4 x 30 em column of Dowex 50 x2 in the 
hydrogen form. Elution was begun with water with the col-
lection of 5 ml fractions at a rate of about 0.5 ml per 
minute. A 0.1 ml aliquot was removed from each fraction 
and assayed with ninhydrin after alkaline hydrolysis (34). 
After washing the column with 400 ml water, a 
stepwise elution with ammonium acetate buffers of differ-
ent pH's was begun. Each buffer was 0.3 N: the pH of 
the first was 3.0, and each succeeding buffer had a pH 
about 0.5 units higher than the preceding one. Between 
300 and 500 ml of each buffer was passed through the 
column. 
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A large ninhydrin positive peak appeared after 
approximately 90 ml of the pH 4.3 buffer had passed 
through the column. Upon paper chromatography in ethanol-
water-ammonia (80:20:1), as described by Schrohenloher 
(64), this peak proved to contain at least 5 peptides or 
amino acids. It was calculated from the millimoles of 
leucine equivalents after alkaline hydrolysis that this 
peak probably contained about 40 per cent of the gelatin 
placed on the column. When samples of the peak were 
hydrolyzed in acid and chromatographed on ion exchange 
paper (Reeve Angel SA-2), using the same pH 5.28 buffer 
that is used in the Moore and Stein column analysis, no 
hydroxylysine was noted. Further elution of this column 
in the manner described yielded no other ninhydrin 
positive material following alkaline hydrolysis. As a 
final step, 500 ml of 3.0 N ammonium hydroxide solution 
were passed through the column and no further elution 
took place. We considered the possibility that the re-
mainder of the digest was in the form of poly-valent 
cations which were adhering tightly to the resin. 
b. Curtain electrophoresis 
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An attempt was made to separate the components of 
this digest using starch block electrophoresis. However, 
when the concentrated mixture was placed in a small slit 
in the block of starch and left to migrate overnight, it 
was found to have gelled at its point of origin. Because 
of this effect we turned our attention to curtain electro-
phoresis. 
The apparatus used for curtain electrophoresis 
was made of lucite and had been constructed previously in 
the laboratory. It utilized a paper curtain 27 em wide 
with 12 serrated collection points at the bottom. The 
sample was applied 20 em from the bottom of the paper by 
means of a paper wick from the sample bottle. The separa-
tion was allowed to proceed for 40 hours in a field of 
100 volts at 11 ma. The flowing buffer was 0.1 N ammonium 
acetate, pH 6.85; and the eluent was collected in two sets 
of test-tubes as it dripped off the collecting points. 
After the run the curtain was sprayed with nin-
hydrin. It was observed that the digest had separated well 
over the paper area. The samples in the tubes were dried 
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in a vacuum dessicator, dissolved in 6 N HCl, and hydrolyzed 
in the usual manner prior to column chromatography. Amino 
acid analysis showed that 91 per cent of the total hydroxy-
lysine collected appeared in two tubes almost directly 
under the point of origin. This probably means that the 
bulk of the hydroxylysine is contained in fairly large 
peptides which migrate slowly in an electrical field.and 
do not separate well under these conditions. 
c. Separation of peptides on Dowex 1 
In reviewing the above difficulties it appeared 
that a separation of the cationic species from other ionic 
species by the use of an anion exchange resin might be 
profitable. 
A 2 x 45 em column of Dowex l-x2,200-400 mesh in 
the acetate form was poured in two per cent pyridine 
acetate buffer, pH 7.38. Five ml of the digest (71.5 mg 
gelatin) were placed on the column and elution was begun 
with the pyridine acetate buffer. The effluent was col-
lected in 0.5 ml fractions at the rate of 0.5 ml per 
minute. Ninhydrin analysis of every fifth fraction showed 
three slightly overlapping peaks in the first 100 ml emerg-
ing from the column. These fractions were collected, 
labeled A, B, and C in the order of their appearance, and 
dried in the vacuum dessicator. The dried samples were 
redissolved in 6 N HCl, hydrolyzed, and analyzed for 
amino acids on the Amino Acid Analyzer. 
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Peak A contained no hydroxylysine. Peak B con-
tained about 16 per cent of the total amount of hydroxy-
lysine applied to the column and peak C contained approxi-
mately 20 per cent. Thus, approximately 36 per cent of 
the hydroxylysine was contained in the 15 to 20 per cent 
of the total amount of gelatin in the combined effluents 
of B and c. 
We are in the process of submitting these fractions 
to periodate oxidations and further purification. 
IV. DISCUSSION 
A. The gelatin sample 
This investigation of periodate oxidation was made 
on gelatin prepared from bovine bones. We considered this 
preparation to be a valid sample of gelatin because the 
amino acid analysis of the preparation was very similar to 
analyses found in the literature for bovine bone gelatin 
(60, 43). Gelatin is a denatured form of collagen; and, 
although it may have the same amino acid composition as 
collagen, its physical structure is quite different (77). 
In a study of primary chemical structure by periodate oxi-
dation, the denatured form of collagen might be advantageous 
in that much of the secondary and tertiary structure of the 
molecule does not remain intact and the probability of 
steric hindrance to the reaction would be less than in the 
more complex collagen molecule. Gelatins differ from each 
other depending on the species and tissue from which they 
originate (60). Therefore, the results of this study 
should not be generalized to all gelatins since the in-
vestigation was made on only one particular gelatin. Also, 
these results cannot be applied directly to collagen since 
- 79 -
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denaturation may cause marked changes in the structure of 
the collagen molecule and thus affect interpretation and 
results of periodate oxidations. 
B. The method 
1. The standard curve 
Frisell and Mackenzie (16) have shown that serine 
could be oxidized by periodate in alkaline solution and 
quantitatively determined by colorimetric analysis of the 
formaldehyde produced during the reaction. Van Slyke, 
Hiller and MacFadyen (75) had previously shown that free 
hydroxylysine also produces formaldehyde quantitatively 
when oxidized by periodate. We used serine for the 
standard curve because it is less costly than hydroxylysine; 
and, since both amino acids react quantitatively, serine is 
as good a standard as hydroxylysine. 
2. Recovery of formaldehyde in the presence of gelatin 
In our method, when formaldehyde was added to a 
solution of gelatin in 0.1 N NaOH and the gelatin precipi-
tated with zinc sulfate, one hundred per cent of the for-
maldehyde was recovered. When this experiment was repeated 
without zinc sulfate, only 70 per cent of the added for-
maldehyde was recovered. In our experiments, the use of 
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buffers to maintain various levels of pH did not permit the 
use of zinc sulfate precipitation. However, failure to 
recover all the formaldehyde should not alter the shape of 
the activity curves or those curves obtained when making 
kinetic analyses of the reactions. 
C. Analysis of the results 
The reaction of periodate with gelatin in alkaline 
solutions has been shown, in the experimental section, to 
be of a complex nature. 
showed a negative slope. 
In some cases the activity curves 
Negative slopes of the activity 
curves may be due to the periodate oxidation of formalde-
hyde to formic acid (12). In the oxidation conducted at 
pH 12, two samples were taken for a chromatographic de-
termination of the hydroxylysine which remained unoxidized 
at two time intervals. Calculations made from the results 
showed that at 60 minutes 58 per cent of the hydroxylysine 
had been destroyed. This figure compares with the 43 per 
cent apparently destroyed when the determinationwasbased 
on the formaldehyde produced, corrected for the 70 per cent 
recovery of formaldehyde in the absence of zinc sulfate. 
The difference in amounts recovered between the determina-
tion of hydroxylysine by chromatography and the colorimetric 
determination of formaldehyde may be an indication of loss 
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of formaldehyde through oxidation to formic acid or a bind-
ing of formaldehyde to various reactive groups in the pro-
tein. 
The failure to obtain simple first-order reaction 
kinetics from the data in this study may be due to the 
production of formaldehyde from sources other than hydroxy-
lysine. One of these sources might be the carbohydrate of 
the gelatin sample. We determined the production of 
formaldehyde from free glucose during periodate oxidation 
in 0.1 N NaOH for a period of one hour. Also, we have 
determined the amount of carbohydrate, as glucose, in our 
gelatin sample. The quantity of formaldehyde which might 
be produced from this amount of glucose was calculated by 
multiplying the fraction oxidized at various times (Table 
5) by the initial amount of glucose found in the gelatin. 
On the assumption that the rates of oxidation of gelatin 
glucose and free glucose were the same, the calculated 
values were subtracted from the formaldehyde values found 
at various times during the 0.1 N NaOH periodate oxida-
tion of gelatin (Table 6). The corrected values still 
did not produce a simple first-order reaction. 
In a second experiment, we attempted to cause a 
fast oxidation of gelatin carbohydrate at a pH of 4.2 for 
15 minutes and then continued the oxidation at pH 12. 
Hydroxylysine in collagen has been shown to be oxidized 
slowly at acidic pH (36). The results of this experiment 
(Figure 12) also did not plot as a simple first-order 
reaction. 
The results of the two experiments referred to 
above suggest that a contribution of formaldehyde by the 
carbohydrate component of gelatin is not the reason for 
the reaction failing to be of the first order. 
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N-terminal amino acids have not been demonstrated 
in collagen by the 2,4-dinitrofluorobenzene (FDNB) tech-
nique; they have been found, however, in gelatin (26, 33). 
A knowledge of the amount of N-terminal serine is important 
to this study because, as an N-terminal amino acid, serine 
could be oxidized by periodate and produce formaldehyde 
during the reaction. In the references cited the amount 
of N-terminal serine found in different gelatin preparations 
did not exceed one per cent of the hydroxylysine content. 
In this quantity it would not affect the results of our 
oxidation reactions. It should be pointed out, however, 
that the amount of N-terminal serine in our gelatin prepara-
tion was not determined. On the other hand, we considered 
the possibility that hydrolysis of the polypeptide chain 
in 0.1 N NaOH could occur with the consequent release of 
more N-terminal serine groups. Periodate oxidation of 
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bovine serum albumin in 0.1 N NaOH showed no change in the 
chromotropic acid determination of formaldehyde over a 
period of one hour. Therefore, we do not believe that 
introduction of new N-terminal serine is a likely source 
of error in the gelatin oxidations. 
It was expected that the periodate oxidation of 
gelatin in 0.1 N NaOH would be a simple first-order reac-
tion. A test for this did not produce a straight line and 
therefore this reaction does not follow simple, first-order 
reaction kinetics. A test for a second-order reaction was 
also negative; but this result was expected since the 
periodate was in excess and the reaction should depend 
only on the concentration of the oxidizable substance. A 
test for a third- or higher-order reaction was not attempted 
since only two molecules are involved: the periodate mole-
cule, and the substance which is oxidized. 
As mentioned above, the failure of the data to 
follow simple first-order reaction kinetics may be due to 
a variety of possible interfering factors; however, if the 
data is valid and not the resultant of experimental diffi-
culties, then we can consider the possibility that this 
kinetic plot may be the result of two or more first-order 
reactions. 
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In the oxidation experiment conducted in 0.1 N NaOH 
a slow component was drawn through the 30 and 60 minute 
points on the first-order reaction curve (Figure 3) and 
extrapolated to zero time. Actually, any number of lines 
could be drawn asymptotically to the curve to serve as a 
slow component. This line through the 30 and 60 minute 
points was drawn as a first trial since investigations 
done on the periodate oxidation of free hydroxylysine in 
alkaline solution (75) and free serine in alkaline solu-
tion (17) showed the reaction to be complete in about 5 
minutes. Therefore, at the 30 and 60 minute points, we 
expected that the contribution of a fast-reacting component 
to the total formaldehyde would be very small. The differ-
ence obtained by subtracting the line drawn through the 30 
and 60 minute points from the original curve resulted in a 
straight line (Figure 3). The line obtained by difference 
could then be interpreted as representing a fast component. 
Since any number of slow components could be drawn, result-
ing in a similar number of fast components, there is no 
justification in concluding that these two particular com-
ponents make up the curve. For this reason the half-times 
calculated for the two components described above and shown 
in Figure 3 have no meaning in themselves, but do show 
relative magnitudes. From Table 7 it may be seen that the 
reaction rate of the fast component in 0.1 N NaOH is about 
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14 times faster than that of the slow component. 
It should be noted also that the curve obtained in 
testing for a first-order reaction may be analyzed into 
any number of components greater than two. We have chosen 
this first trial, consisting of two components, because it 
is the simplest explanation. Furthermore, the number of 
formaldehyde-producing substances known to us is limited: 
carbohydrate, N-terminal serine, and hydroxylysine. Of 
these substances, for reasons mentioned earlier in the 
discussion, the existence of gelatin hydroxylysine in 
two forms appears to be the most likely hypothesis to ex-
plain a two component system. 
An explanation of the complex kinetics of our 
reactions might be that hydroxylysine exists in one form 
which reacts quite readily with periodate, and in a second 
form which may have its epsilon amino or delta hydroxy 
group in chemical linkage and is not immediately available 
for oxidation. This second form might react at a rate 
different from the first, or might not react at all, de-
pending on how fast it becomes available for reaction with 
periodate. Thus, the total reaction would not be of the 
simple first-order type. 
At pH values between 7 and 12 the reaction could 
not be demonstrated to be first-order. In these studies 
the reaction rate of the second component was extremely 
slow or nearly zero; and in one instance, was slightly 
negative (pH 12). These results suggest that there was 
an essentially non-reacting component. Calculation of 
the half-times of the fast c0mponent at these pH's showed 
that the fast reaction rate is approximately the same at 
pH 7.1 and pH 8.3, and that this rate is faster than at 
pH 12 or in 0.1 N NaOH. This observation is supported by 
the work of Fleury, Courtois and Grandchamp (14) who 
found that for alpha amino alcohols, in general, the 
optimum pH for periodate oxidation was 7.5 to 8.0. 
If hydroxylysine existed in two forms in gelatin, 
one of which had its epsilon amino group and delta 
hydroxyl groups free, and the other with either one or 
both of these groups chemically bound, then the former 
might react quickly with periodate to produce formalde-
hyde while the latter would react only as quickly as it 
was freed by interaction with its environment. In such 
a case, the rate of hydrolysis of the bound group on the 
side-chain would be the rate-limiting step in the produc-
tion of formaldehyde by periodate oxidation. 
Our results with periodate oxidations led us to 
believe that some of the hydroxylysine of our gelatin 
sample may have either its epsilon amino group or its 
delta hydroxy group chemically bound. We are currently 
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engaged in investigating this hypothesis by other methods: 
(1) deamination of the epsilon amino groups of gelatin by 
nitrous acid with determination by column chromatography 
of the amount of hydroxylysine not destroyed during the 
reaction; (2) isolation of peptides which contain hydroxy-
lysine, after collagenase digestion of gelatin; and (3) 
periodate oxidation of those peptides which are rich in 
hydroxylysine. These last oxidations are being done in 
order to separate those residues which are easily oxidized 
from those which may be bound and react slowly or not at 
all. 
If we are able to show by these methods that some 
of the hydroxylysine in gelatin does have its reactive 
groups bound, then we can turn our attention to bone 
collagen in which the hydroxylysine might also exist in 
bound form. This information will provide us with a 
better understanding of the structure of collagen and 
gelatin derived from bone. 
Piez (60) found that in all calcified tissues 
which he studied that hydroxylysine is present regardless 
of whether the tissue protein is collagen, and implied 
that hydroxylysine may have a function in the calcification 
of these tissues. Knowledge, therefore, of the chemical 
status of the hydroxylysine in bone collagen and bone 
gelatin may also help in understanding the process of 
calcification and osteogenesis, or at least help in 
answering the question of whether or not hydroxylysine 
contributes to these processes. 
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V. S~Y 
The purpose of this investigation was to study 
the periodate oxidation of gelatin obtained from bovine 
bones in order to determine the conditions necessary 
for complete oxidation of the hydroxylysine content of 
the gelatin. The following results were obtained: 
1. Amino acid analysis of the bone gelatin 
preparation agreed with values for bone gelatin found 
in the literature. 
2. The carbohydrate content of the gelatin 
preparation, expressed as glucose, was determined and 
found to be .074 pmoles of glucose per milligram of 
nitrogen. 
3. Oxidation of the bovine, bone gelatin prep-
aration with sodium periodate in 0.1 N NaOH showed that 
approximately 65 per cent of the hydroxylysine in a 
given sample was destroyed in one hour. 
4. Kinetic analysis of the periodate reaction 
in 0.1 N NaOH showed that the oxidation was not a simple 
first- or second-order reaction. An analysis of the 
curve, obtained in testing for a first-order reaction, 
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resulted in two first-order components. One of these com-
ponents had a reaction-rate which was 14 times faster than 
the rate of the other. The two-component analysis was pre-
ferred over others because of its simplicity. 
5. Kinetic analysis of periodate reactions at pH 
levels between 7 and 12 also failed to show that the oxida-
tions were simple first-order reactions. Analysis of the 
first-order graphs of these reactions made in the same 
manner as with 0.1 N NaOH showed that the slower component 
reacted very slowly or not at all. 
6. An attempt to correct the first-order reaction 
graph of gelatin oxidized in 0.1 N NaOH for formaldehyde 
possibly produced from carbohydrate did not produce a 
straight line. Thus the carbohydrate was not considered 
responsible for the failure of the reaction to be first-
order. 
7. The results of the oxidations in this study led 
us to the hypothesis that the hydroxylysine of our bone 
gelatin exists in two forms: one, which has the reactive 
site of its side-chain free, is readily available to oxi-
dation by periodate; the other, with its reactive site 
chemically bound, reacts with periodate at a rate which is 
dependent on the rapidity with which these bonds may be 
broken. 
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The implications which these studies have concern-
ing the chemical nature of hydroxylysine in bone gelatin 
and the factors interfering in periodate oxidations of 
this gelatin are discussed. 
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ABSTRACT 
The purpose of this investigation was to study 
the periodate oxidation of gelatin obtained from bovine 
bones in order to determine the conditions necessary for 
complete oxidation of the hydroxylysine content of the 
gelatin. The following results were obtained: 
1. Amino acid analysis of the bone gelatin 
preparation agreed with values for bone gelatin found in 
the literature. 
2. The carbohydrate content of the gelatin 
preparation, expressed as glucose, was determined and 
found to be .074 pmoles of glucose per milligram of nitro-
gen. 
3. Oxidation of the bovine, bone gelatin prepara-
tion with sodium periodate in 0.1 N NaOH showed that ap-
proximately 65 per cent of the hydroxylysine in a given 
sample was destroyed in one hour. 
4. Kinetic analysis of the periodate reaction in 
0.1 N NaOH showed that the oxidation was not a simple 
first- or second-order reaction. An analysis of the curve, 
obtained in testing for a first-order reaction, resulted 
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in two first-order components. One of these components had 
a reaction-rate which was 14 times faster than the rate of 
the other. The two-component analysis was preferred over 
others because of its simplicity. 
5. Kinetic analysis of periodate reactions at pH 
levels between 7 and 12 also failed to show that the oxi-
dations were simple first-order reactions. Analysis of 
the first-order graphs of these reactions made in the same 
manner as with 0.1 N NaOH showed that the slower component 
reacted very slowly or not at all. 
6. An attempt to correct the first-order reaction 
graph of gelatin oxidized in 0.1 N NaOH for formaldehyde 
possibly produced from carbohydrate did not produce a 
straight line. Thus the carbohydrate was not considered 
responsible for the failure of the reaction to be first-
order. 
1. The results of the oxidations in this study 
led us to the hypothesis that the hydroxylysine of our 
bone gelatin exists in two forms: one, which has the 
reactive site of its side-chain free, is readily available 
to oxidation by periodate; the other, with its reactive 
site chemically bound, reacts with periodate at a rate 
which is dependent on the rapidity with which these bonds 
may be broken. 
104 
The implications which these studies have concern-
ing the chemical nature of hydroxylysine in bone gelatin 
and the factors interfering in periodate oxidations of 
this gelatin are discussed. 
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